Abstract. New UBVR light curves of the eclipsing binary HW Vir have been obtained. All the published times of primary and secondary eclipses have been collected. By adding the new times of the eclipses obtained by us, the general behavior of the O-C changes has been revealed. The updated O-C change seems to show a cyclic character. This behavior may be the result of whether rotation of the apsis connecting the star's centers or revolution of the couple around a third body. The former has been excluded due to the fact that the O-C values of primary and secondary eclipses show similar variation, i.e., not 180
Introduction
The eclipsing nature of the UV -bright object BD − 7
• 3477 was discovered by Menzies & Marang (1986) . The star, named as HW Vir in the variable stars catalogue, has been observed spectroscopically by Berger & Fringant (1980) and classified as an sdB star. The first UBVRI light curves were obtained by Menzies & Marang (1986) . They analysed the light curves to obtain the physical and geometric properties of the component stars. Using the velocities of the primary component Menzies & Marang (1986) derived the semi-amplitude of the orbit 87.9 km s −1 , a mass function of 0.0082 M and a projected semi-major axis of 1.4 10 5 km. They suggested the plausible masses of the components to be 0.25 M and 0.12 M . Later on, Wood et al. (1993) obtained simultaneous UBVR photometry of the short period eclipsing binary HW Vir. Their analyses indicated that the mass of the primary is about 0.50 M , which corresponds to sdB stars. Assuming the secondary component is a main sequence star they derived the mass ratio between 0.30 and 0.48. They have also assumed a temperature of T 2 = 3700 K for the secondary star because it contributes very little light to the total brightness of the system and it fits for a wide range of the mass ratio. Their analyses showed that the system HW Vir consists of an ordinary sdB star with a mass near 0.50 M and a main sequence star with a mass near 0.15 M . They have also proposed that the orbital period of the system will decrease as the system loses its angular momentum. Then, the secondary component will fill its own critical Roche lobe and a mass transfer to the sdB component will begin. Therefore the system is the progenitor of a cataclysmic variable. Later on Kilkenny et al. (1994) discussed the period decrease in the sdB eclipsing binary HW Vir based on the data gathered over a nine-year baseline. They concluded that the most plausible mechanism of this decrement in the orbital period was the angular momentum loss via magnetic braking in a weak stellar wind. Hilditch et al. (1996) searched the reflection effect in the system HW Vir. As it is known that the most conspicuous feature of the light curves of the eclipsing binaries, including a sub-dwarf and a low-mass companion, is the reflection effect which is seen outside the primary eclipse, they obtained the radial velocities of the hot sdB primary by means of an echelle spectrograph. Combining the results yielded by the radial velocity curve with that of the light curve solutions (e.g. Wood et al. 1993 ) they derived the astrophysical parameters of the components of HW Vir. Because the system HW Vir is a single-lined eclipsing binary they have assumed the mass of hot primary as 0.50 M , and obtained a mass of 0.14 M for the low-mass secondary star. However, the temperature of T 2 = 3700 K derived for this low-mass companion is rather higher than those expected from theoretical models, as acted by Hilditch et al. (1996) .
In this study we present the new times of minima and the new UBVR light curves of the exotic binary HW Vir. The main purposes of this paper are to reveal the most plausible mechanism of the orbital period decrease and to obtain geometric and physical parameters of the components which constitute the system.
Observations
The system HW Vir was observed on two nights, namely 26/27 and 27/28 May 1997. The observations were obtained with the 40 cm Cassegrain reflector of the TUBITAK Turkish National Observatory. The observatory is at an altitude of 2500 m and had seen the first light on January 1997. An SSP5A type photometer was attached to the telescope. The Johnson's wide -band U , B, V and R filters were used. Each measurement is a mean of the two 10 seconds integrations. In this study we measured the sky background before and after the measurements of the comparison and variable, but not during the eclipse. The main comparison star was BD − 8
• 3411. The differential observations, variable minus comparison, were corrected for atmospheric extinction. The extinction coefficients were obtained for each night using the observations of the main comparison star. The times were also reduced to the Sun's center.The orbital phases were calculated using the light elements given by Gürol & Selam (1994) as, Min I = JD Hel. 2448 294.88647 + 0.
d 11671953 E.
The differential magnitudes for each band were plotted against the orbital phase and are shown in Fig. 1 . The observations obtained on two nights agree well in B, V and R bands; but there are some differences in U filter. These differences in U band arise mainly from the fact that the photometer we used is more sensitive to the longer wavelengths.
Period analysis
Using the data gathered over a period of nine years, Kilkenny et al. (1994) showed that the orbital period of HW Vir was decreasing. Although they reviewed the possible mechanisms that would cause period decrease, they could not reach a conclusion as to which one was the most likely candidate. Among the probable mechanisms, the gravitational radiation effect, apsidal motion and mass transfer were ruled out. The remaining causes like the existence of a third body, mass loss through stellar winds and angular momentum loss through magnetic braking have been thoroughly studied. Of all these mechanisms, a period decrease through angular momentum loss has been given the highest probability. As stated previously, the final decision would be reached only after new observations. In the present study, we obtained two primary minimum times and one secondary minimum time. Minimum times that have been obtained ever since the system was found to be an eclipsing binary are given in Table 1 . O-C (I) deviations are obtained by using the light elements given by Menzies & Marang (1986) O-C deviations show a sine-like scattering around the linear fit. This sine-like curve, although it has not shown a complete cycle yet, seems to be nearing its one cycle completion. Such a variation could be accounted for in three different ways:
1. Mass transfer. Components of HW Vir are sdB and low mass main sequence stars. It is known that in such a system, where mass accretion occurs from a low Table 1 . Times of minima of HW Vir. References: (1) Menzies & Marang (unpublished) ; (2) Kilkenny et al. (1994) ; (3) Marang & Kilkenny (1989) ; (4) Wood et al. (1993) ; (5) mass star to a high mass one, the orbital period increases. Nevertheless, it is also known from the light curve analysis that in the HW Vir system, the low mass star has not filled its Roche lobe yet (see Sect. 4). For this reason it is not reasonable to account for the O-C deviations in terms of mass transfer.
2. Magnetic braking. It was stated by Patterson (1984) that no matter how small the rate of mass-loss is, magnetic braking would eventually cause a decrease in period. However, in the HW Vir system, since the low mass star is very much smaller than its own Roche lobe it becomes unrealistic to expect that the low mass star will lose mass through stellar wind. Besides, the variation of the orbital period of HW Vir shows an uniform decreasing pattern which would have shown increasing and decreasing 30Ö.Çakırlı and A. Devlen: UBVR photometry of pre-catacylismic binaries: HW Virginis 2& GD\V Fig. 2 . The deviations between the observed and calculated times of minima portions otherwise. Therefore, neither magnetic braking is the likely mechanism that causes O-C deviations in the system. 3. A third body. Sinusoidal variations in O-C may be attributable either to an orbital motion around a third body or to apsidal motion. But the observational facts such as circular orbit inferred from the radial velocities (Hilditch et al. 1996) are the strongest evidence that would compel one to rule out the apsidal motion as a possible mechanism for period change. What remains behind is the possibility of orbital motion around a third body.
The additional time delay of any observed eclipse due to orbiting around a third-body can be represented by, ∆T = a sin i c [(1 − e 2 ) sin(υ + ω)/(1 + e cos υ) + e sin ω] , c = 2.590 10 10 km d −1 is the velocity of light. In this case the resulting eclipse ephemeris is given by, t ec = t 0 + EP + ∆T where t 0 is the starting epoch, E is the integer eclipse cycle number. We have chosen Irwin's (1952 Irwin's ( , 1959 definition for the zero of the light-time effect. The linear least squares solution was applied in order to obtain the best fit and the standard deviations of the parameters calculated. The results are given in Table 2 .
The final parameters, given in Table 2 , were used to obtain the calculated light-time values and the computed 2& GD\V Fig. 3 . O-C diagram for HW Vir light-times were plotted in Fig. 3 along with the observed values. The fit seems to be quite good. The present analysis see to cover the 69 per cent of the whole cycle of the orbital motion. Further observations will justify or falsify the third body hypothesis.
Using the asini value given in Table 2 , the mass function has been computed to be 0.000023 M . Assuming a combined mass of 0.5 M + 0.14 M for the eclipsing pair the mass of the third body can be evaluated from the mass function depending on the inclination of the thirdbody orbit with respect to the plane of the sky. The mass of the third component was found to be 0.022 M for inclination 90
• , and 0.025 M for the inclination 60
• . For the inclination above 17
• the mass computed by us would lead to a sub-stellar mass. Therefore, such a low mass of tertiary component would make it too faint for direct detection. If we assume the inclination is about 17
• the mass of the third body would be 0.008 M . The visual magnitude of such a body would be 20 m for the distance of 141 pc.
Light curve analysis
The first light curve of the system was obtained by Menzies & Marang (1986) . Assuming that the temperature of the primary star is T 1 = 26 000 K they found that T 2 = 4500 K, r 1 = 0.203 and r 2 = 0.207. In the light curve analysis they used the Wilson Devinney (1971) differential correction programme. Using mass function they predicted the masses of components to be 0.25 M and 0.12 M . Later, Wood et al. (1993) observed the system in UBVR and analyzed the light curves with the Wilson Devinney Code. In their analysis, although the radii of the components were consistent with the previous results, the temperatures of the primary star and the secondary one were predicted as 29 000 < T 1 < 36 000 K and T 2 ∼ 3700 K, respectively. In the same analysis, the masses of the components were given as M 1 = 0.50 M and M 2 = 0.15 M .
Although it has already been stated, we feel compelled to repeat again that since the system is very faint and the photometer we used is insensitive to short wavelengths, our observations in U band were scattered, as we expected.
In the analysis of the light curves the normal points were performed in each band. The B(λ 4200), V (λ 5400) and R(λ 7000) light curves were represented by 51, 65 and 69 normal points, respectively.
The mass of sdB stars is given as 0.50 M by Saffer et al. (1994) . If we use this value in the mass function obtained by Hilditch et al. (1996) , the mass of the companion star is found to be around 0.14 M as noted earlier by Hilditch et al. For this reason we adopt the value of 0.28 for the mass ratio. Limb darkening coefficients play a very important role in light curve analysis. These coefficients depending on the temperatures of the stars are theoretically evaluated for the stars hotter than 5500 K. To the best knowledge of the authors of the present study there is no reference giving those coefficients for stars cooler than 5500 K. In the previous analysis of HW Vir, limb darkening coefficients of the cooler component are taken as those of a star with an effective temperature of 5500 K. In the present paper, limb darkening coefficients of sdB star for B, V and R colour are taken from Rucinski (1985) as 0.240, 0.199 and 0.162, respectively. Corresponding values for cooler low mass star are derived from light curve analysis. Gravity darkening coefficients for hotter star for all three colours are taken as 1.0 and for cooler star as 0.32. Bolometric albedo for hotter star for all three colours is assumed to be 1.0. If the mass of the cooler component is taken as M 1 = 0.14 M then its effective temperature should be 3300 K (Dorman et al. 1989) . In the solution the above values are kept fixed.
The initial values of the parameters were performed by means of LC (Light Curve) program till a good approach to the observational data was obtained. Then the DC (Differential Corrections) was run iteratively until an acceptable stability of the solution was reached. The adjustable parameters were: orbital inclination (i), surface temperature of the hotter component (T 1 ), nondimensional potentials Ω 1,2 of both components, luminosity of hotter star, the limb darkening coefficient and the albedo of the cooler star. The results are given in Table 3 . The computed light curves using the parameters given in Table 3 were plotted in Fig. 4 with those of the normal points. The computed curves seem to fit well with the observed normal points.
Using the results of the radial velocity curve analysis we obtained the radius of the orbit as 0.89 R . The threecolour light curves were analysed simultaneously to obtain the radii of the components. respectively. The mass, radius and luminosity of the hotter primary star were calculated as 0.50, 0.21 and 55.628 solar units, whilst these parameters are 0.14, 0.20 and 0.0003 for the cooler secondary star. The critical Roche lobes of the components were calculated using the mass ratio of 0.28 and are shown in Fig. 5 . As it is seen from this figure, both of the components are smaller than those of the corresponding Roche lobes. However the cooler secondary star is closer to its Roche lobe than is the primary star.
Conclusion and discussion
It is known that sdB stars represent part of the final stage of stellar evolution. As is already stated before, HW Vir is the progenitor of cataclysmic binary stars. As soon as the low mass main sequence component fills its Roche lobe the system is expected to become a cataclysmic binary star. HW Vir and the similar eclipsing binaries play a very important role in understanding the latest stages of stellar evolution. In Menzies & Marang (1986) the mass and the temperature of the sdB are M 1 = 0.25 M and 26 000 K, respectively. In the same paper, the luminosity of the primary is given as 6.53 L . However, Saffer et al. (1994) showed that the mass of a sdB star should be around 0.50 ± 0.01 M . For this reason we adopted the mass of sdB component in HW Vir as 0.50 M . Using the mass • 62 ± 0.
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• . Roche model geometry of the HW Virginis system from our data. The quantities presented are based on the orbital parameters (DC solutions) and the assumed absolute dimension of this system. The radii correspond to spheres of equal volume function of Hilditch et al. (1996) we found the mass of the companion as 0.14 M . The values we calculated indicate that the luminosity of the hotter component of HW Vir should be as high as 55.6 L . In the diagram developed by Iben & Tutukov (1993) showing the latest stages of low mass stars, the hotter component of HW Vir falls between the evolutionary tracks of stars of 0.38 M and 0.52 M . On the other hand temperature, radius and luminosity values of the low-mass component are consistent with the corresponding theoretical values that are calculated on the basis of assumed masses (Dorman et al. 1989) , as shown also by Hilditch et al. (1996) . O-C variations of HW Vir obtained from data covering a 19 year period are assumed to be caused by orbital motion about a third body in the system. Based on this assumption, the analysis of the system implies that it is revolving around a third body on an elliptic orbit of the radius of 30.72 10 6 km with a period of 7040 days. The data that is gathered between the period 1984-1997 indicated that the system has completed 69 per cent of one whole cycle of the orbital motion. Observations of the system in the following years will test the justifiability of the third body hypothesis. The light curve analysis of the system indicates that the low mass component has just filled 80 per cent of its own Roche Lobe.
